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Zpusob vyroby (-)-(S)-3-[l-(dimethylamino)et^ 
Qblast technikv 

Vynalez se tyk& zpusobu vyroby (-)-(S)-3-[l-(dimethylamino)ethyl]fenyl-N-ethyl-N- 
methylkarbamAtu, ozna5ovan6ho tez jako rivastigmin. 

Dosavadni stay technikv 

(«)-(S)-3-[l-(dimethylamino)ethyl]fenyl-N-ethyl-N-methylkarbama^ (dale rivastigmin) je 
pops&n v prihlasce vynalezu CS zn. PV 1991-41 10 jakozto l&tka, kteri vyvolava selektivni 
inhibici acetylcholinesterazove aktivity v mozku.Tato vlastnost ji spolu s dobrou snasenliyosti 
lidskym organismem, moznosti podavat ve forme tablet (peroralni ucinnost) a dlouhodobym 
ucinkem pf edurcuje k pouziti na lecbu poruch spojenych s poruchou cholinergniho systemu - 
zejmena Alzheimerovy choroby. 

Racemicky 3-[l-(dimethylamino)ethyl]fenyl-N-ethyl-N-methylkarbamat (dale racemicky 
rivastigmin), jakozto latka s moznym ucinkem proti Alzheimerove chorobe, byl popsan 
v patentu EP 193 926. Zpusob jeho vyroby spocival v reakci m-hydroxyfenylethyl- 
dimethylaminu s karbamoylhalogenidem. 

V citovane prihlasce CS PV 1991-41 10 je na pokusech „in vitro" i „in vivo" prokazano, ze 
opticky aktivni (S)-isomer je podstatne ucinnejsim a selektivnejslm inhibitorem 
acetylcholinesterazy nez racemicka smes obou isomeru. 

V citovane prihlasce je popsan postup pfipravy rivastigminu z racemicke smesi spocivajici 
v pnprave diastereoisomernich soli s kyselinou (+)-0,0-di-(p-toluyl)-D-vinnou a jejich 
rozdelem krystalizaci. (S)-enantiomer rivastigminu byl uvolnen ze ziskane soli roztokem 
hydroxidu sodn6ho. 

Zasadni technologicka nevyhoda tohoto postupu spociva v torn, ze se opticke stepeni provadi 
az v zaverecnem stupni synthesy. To znamena, ze minimalne 50 % pfipraveneho racemickeho 
rivastigminu (tj. (R)-enantiomer)) pfedstavuje nevyuzitelny odpad; prakticky je tento odpad 
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podstatne vetsi, protoze opticke stepeni nikdy nerozdSli enantiomery kvantitativne. Tim je 
celkovy vytezek synthesy nizky, a cely proces je ekonomicky nevyhodny. 

Nyni se ukazalo, ze pri optickem stepeni meziproduktu (tj. provedeni teto operace v ranejsim 
stadiu vyroby) a provedeni koncoveho stupne s opticky aktivni latkou Ize ziskat (S)- 
rivastigmin s velmi dobrym vytezkem, pfi zachov&ni jeho vysok6 analyticke cistoty . 

Podstata wnalezu 

Podstatou vynalezu je zpusob vyroby (-)-(S)-3-[l-(dimethylamino)ethyl]fenyl-N-ethyl-N- 
methylkarbamatu (rivastigminu) vzorce I 




NMe 2 



(I) 

vychazejici z opticky aktivniho derivatu fenylethyl(dimethyl)aminu obecneho vzorce II 




RO' 

FlMe 2 

(II) 

kdeRje vodik nebo C1-C5 alkyl- 

Dalsitn stupnem muze byt prevedeni rivastigminu na jeho farmaceuticky akceptovatelnou sul 
jakou je napriklad tartrat. 

S vyhodou se provadt reakce s (-)-(S)-aminofenolem vzorce IV 




HO' 

RMe 2 

(IV) 
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ktery se ucinkem silne base v inertnim rozpoustedle prevede na fenolit a pote necha reagovat 
s karbamoylhalogenidem vzorce III 



kde X je odstupujici skupina. 

Jako silnou basi je mozno pouzit hydridy alkalickych kovu, jako je hydrid sodny, nebo alkyl- 
lithiove slouceniny, jako je napfiklad butyllithium. Inertni rozpoustSdlo se s vyhodou voli ze 
skupiny diaikyletheru, jako je napfiklad tetrahydrofuran nebo 1,2-dimethoxyethan. 

Opticky aktivni (-)-(S)-aminofenol lze ziskat z opticky aktivniho (S)-fenylethyl(dimethyl)- 
aminu vzorce II, kde R je C1-C5 alkyl, O-dealkylacni reakci. 

O-Dealkylacni fiinidla je mozno volit mezi silnymi kyselinami, jako je napfiklad kyselina 
bromovodikova, nebo mezi halogenidy boru, jako je bromid bority. 

Jina moznost je pfiprava racemick6ho aminofenolu vzorce V 




(HI) 




NMe 2 



(V) 



a jeho nasledne stepeni. 



Stepeni je mozno provest delenim stereoisomers vzniklych reakci s opticky aktivni kysehnou, 
jejimz vhodnym pfikladem je kyselina (+)-(S)-kafr-10-sulfonova. 



Pfikladv provedeni wnalezu 



Podstata vynalezu je blize osvetlena na nasledujicich pfikladech. 



# --- • 
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Pfiklad 1 




Priprava (S)-(-)-Rivastigminu: stepenim racemickeho rivastigminu kyselinou (+)-0,0'- 
ditoluylvinnou 

49,6 g racemickeho rivastigminu baze se rozpusti ve 100 ml methanolu a k tomuto roztoku 
se pfida roztok 75,8 g kyseliny (+)-0,0'-ditoluylvinne v 200 ml methanolu. K cir6mu 
roztoku se za mich&ni postupne pfida 150 ml vody. Roztok se zakali a v chladu pocne 
krystalovat. Ziska se 81,3 g pozadovand soli jako bilych krystalu o t.t. = 145-147 °C. 
Uvedene mnozstvi prvniho podilu krystalu se rekrystaluje ze smesi 200 ml methanolu a 100 
ml vody. Ziskd se druhy podil krystalu (49,6 g, t.t = 155-156°C), ktery se znovu rekrystaluje 
ze smesi (methanolivoda (2:1), 200 ml). Ziski se 39,0 g tretiho podilu o t.t = 159-162 °C, 
ktery se rekrystaluje z 150 ml uvedene smesi rozpoustedel a isoluje se konecny ctvrty podil 
krystalu (33,0 g, t.t = 156-7 °C), coz je 26,9% teoretickeho mnozstvi , [a] D » +78,5° (c=l, 
ethanol). 

Uvolneni base 



Sul S-(-)-rivastigminu s kyselinou (+)- 0,0'«ditoluoylvinnou (33,0 g) se pomalu pfidava do 

»dobfe michane smesi 150 ml dichlormethanu a 150 ml IN roztoku NaOH. Po rozpusteni 
veskere hmoty se vrstvy oddeli, diciilormethanova vrstva se dvakrat extrahuje 100 ml vody, 
susi siranem hofecnaty. Rozpoustedlo se odpafi ve vakuu a odparek se vakuove destiluje 
(t.v.= 135-8 °C, 0,3 torr). Ziska se 10,72 gbezbarv6ho oleje, coz je 85 % teoretickeho vytezku 
([oc] D = -24,5° ; c=3,5, methanol). Obsah R-(+)- enantiomeru ve vzorku = 5,5 % (kapilarni 
elektroforeza). 



Priprava S-(+)-rivastigmin hydrogentartratu 



9, 0 g rivastigminu baze a 5,4 g kyseliny L-(+)-vinne se za tepla a michani rozpusti v 25 ml 
ethanolu a ciry roztok se srazi pfidavkem ethylacetdtu (125 ml). Vznikla smes se necha 
zchladnout na +5 °C. Vyloucene krystaly se odsaji a promyji ethylacetatem. Vznikne 12,9 g 
pozadovaneho rivastigmin hydrogentartratu (tj. 89,6 % teoretickeho vytezku) o t.t.= 124-126 
°C. 



m - m 

5 



Pfiklad 2 Pfiprava S)-(-)-nvastigminu: stepenim latky V 

Priprava l-m-(methoxyfenylethyl)dimethylaminu (II, R= -Me) 

Pod inertem (N 2 , argon) se k roztoku 75,5 g dimethylaminu v 1,5 I ethanolu vychlazenemu 
na 10 °C vlazni voda led, kter^ je umisten v 6-litrove tfihrdl6 bance opatfene KPG 
michadlem, pfivodem a odvodem inertu a teplomerem, se pfilije pomalu 0,5 1 isopropoxidu 
titaniciteho (5 minut) a nakonec 148,4 g 3-methoxyacetofenonu (5 minut). Pfidavek 
isopropoxidu je mirne exotermni. Vysledna teplota reakcni smesi po pfidani dosahuje 35 °C. 
Reakcni smes se pak micha za teploty mistnosti 9 az 10 hodin. Behem reakcni doby se* mirne 
zakali. Po teto dobe se k reakcni smesi prida pomalu a opatrne 56,6 g borohydridu sodneho. 
Doba prid&vani cca 2 hodiny.Reakcni smes houstne na kasi a peni a je tfeba ji velmi 
intenzivne michat. Teplota se udrzuje mirnym chlazenim ledem od '25 °C do 30 °C. Pfi 
podclolaz^ni reakcni smesi pod 20 °C vznika pfi pfidavani borohydridu husta obtizne 
michatelna pena. Po pridavku borohydridu se vznikla bila kase micha 10 az 12 hodin za 
teploty mistnosti. Po teto dobe se zastavi pfivod inertu a do reakcni smesi opatrne pfilije 
(behem 10 minut) 800 ml vodneho roztoku hydroxidu amonneho (2:1). Vysledna smes se 
micha 20 minut. Jemne bile krystaly anorganiky* se odsaji a dobfe promyji methanolem (cca 
1 1). Na rotacni vakuov6 odparce se z filtratu odpafi veskery alkoholicky podil (lazen 40 °C, 
20 torr). Odparek se nafedi 1000 ml vody a extrahuje se 3x 330ml ethylacetatu. Spojene 
ethylacetitove extrakty se jednou promyji 100 ml vody a extrahuji se 3x 200 ml kyseliny 
chlorovodikove (5:2). Kysele vodne podily se spoji a zalkalizuji 20% NaOH (cca 1 1) na pH 
12 az 14 a extrahuji se 3x 300 ml ethylacetatu. Organicky podil se promyje 100 ml vody a 
150 ml solanky. Susi se bezvodym siranem sodnym. Susidlo se odfiltruje a filtrat se do sucha 
odpafi na rotacni vakuove odparce (lazen 40 °C,. 20 torr). Surovy produkt se pfedestiluje a 
ziska se cca 60 % pozadovaneho produktu jako bezbarveho oleje. 
b.v == 68 °C pfi 3 mm, 108 °C pfi 6 mm 

Pfiprava racemickeho 3-(l-dimethylaminoethyl)fenolu (V) 

94 g l-m-(methoxyfenylethyl)dimethylaminu se rozpusti v 285 ml azeotropicke kyseliny 
bromovodikove a vysledny roztok se refluxuje za michani pod zpetnym chladicem 12 hodin 
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(teplota vlazni 145-150 °C). Behem varu reakcni smes ztmavne. Roztok se pak ponecha 
zchladnout na teplotu mistnosti. Pfebytecna bromovodikova kyselina se odpari na rotacni 
vakuove odparce (teplota lazne 45 °C, tlak v aparatufe 15 torr) a odparek se rozpusti ve 200 
ml vody. Roztok se extrahuje 3x 100 ml ethylacetatu. Vodny podil se pak za michani (pen!) 
postupne alkalizuje nasycenym roztokem uhlicitanu sodneho. Roztok se ml6cne zakali a 
extrahuje se 3x 200 ml ethylacetatu. Ethylacetatovy podil se lx vytfepe vodou, Ix solankou a 
susi se bezvodym siranem hofecnatym. Pfed filtraci susidla se knemu pfid& aktivni uhli a 
susidlo i s uhlim se odfiltruje. Rozpoustedlo se odpari na rotacni vakuove odparce na viskozni 
olej, ktery stdnim ztuhne. Ziska se 71,0 g pozadovaneho produktu (81,9% teorie) v cistote 
96,9 % (GC). 

Priprava S-(-)-3-(l-dimethylamino)fenolu steperum racemick6ho aminofenolu ekvimolarnim 
mnozstvim kyseliny S-(+)-kafr-10-sulfonove 

Do 1-litrove kulate banky smagnetickym michadlem se pfedlozi roztok fenolu v 
ethylacetatu (83,5 g (0,505 mol) v 500 ml ethylacetatu) a knemu se prilije za tepla 
pripraveny roztok S-(+)-kafr-10-sulfonove kyseliny (117,4 g (0,505 mol) v 250 ml bezvodeho 
ethanolu . Roztok se naockuje a ponecha se stat v lednici (+5 °C) do druheho dne. Zacnou 
vypadavat krystaly kafrsulfonatu fenolu. Vyloucene krystaly se odsaji pfes fritu a ponechaji se 
proschnout na vzduchu do druheho dne. 

1) Ziska se 82,2 g bilych krystalu o t.t. =' 165-171 °C, ktere se rozpusti ve 190 ml 
absolutniho ethanolu za refluxu. Za tepla se pfida 380 ml ethylacetatu a krystaluje se 
pqdle vyse uvedeneho postupu. 

2) Ziska se 64,1 g bilych krystalu o t.t = 174-176 °C, ktere se rozpusti za refluxu ve 150 ml 
ethanolu (absol.) a za tepla se pfida 300 ml ethylacetatu. 

3) Ziska se 56,5 g bilych krystalu o t.t = 177-179 °C, ktere se rozpusti za refluxu ve 130 ml 
ethanolu (absol.) a za tepla se prida 260 ml ethylacetatu. 

4) Ziska se 51,6 g bilych krystalu o t.t = 179-181 °C tj. 25,7 % teoretickeho mnozstvi. 

Priprava S-(-)-3-(l-dimethylamino)fenolu stepenim racemickeho aminofenolu 0,6 molarnim 
mnozstvim kyseliny S-(+)-kafr-10-sulfonove 

100 g (0,605 mol) racemickeho aminofenolu se rozpusti za michani a refluxu v 600 ml 
ethylacetatu. Roztoku se za michani a pri teplote 70 °C pfida roztok kyseliny S-(+)-10- 
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kafrsulfonove (84,3 g (0,363 mol) ve 125 ml bezvodeho ethanolu). Roztok se naockuje, za 
mich&ni se necha zchladnout na teplotu mistnosti, ochladi se solankou na -10 az -15°C a za 
vylouceni vzdusnd vlhkosti se ponecha krystalovat nejmene 12 hodin. Vylouceny prvni podil 
krystalu se odsaje a susi na vzduchu . 

1) Ziska se 95,0 g bilych krystalu o t.t =173-175 °C, ktere se rozpusti za refluxu a 
michani ve 175 ml ethanolu a pri teplote roztoku mezi 60-70 °C se pfida 350 ml 
ethylacet&tu. Kafrsulfonat zacne krystalovat se ponecha krystalovat pri teplote -5 az 
-10°C nejm6ne 12 hodin. Vylouceny podil se odsaje, promyje se 2x 50 ml ethylacetatu 

) a susi se na vzduchu. 

2) Ziska se 79,5 g druhdho podilu o t.t. 176-178 °C, ktery se opSt rekrystaluje ze smesi 
ethanol: ethylacetat (150 ml:300 ml) vyse uvedenym zpusobem. Po promyti 2x 50 ml 
ethylacetatu se produkt volne susi. 

3) Ziska se tfeti podil o t.t =177-179 °C v mnozstvi 74,6 g, coz je 3 1,0 % teorie. 

Uvolneni S-(-)-aminofenolu (IV) 

Do 10-1 silnostenne kadinky, ve kter6 bylo umisten6 KPG michadlo, byly pfedlozeny 4 litry 
vody. K nim byl pfisypdno 250 g uhlicitanu sodneho a za michani rozpusteno. K roztoku byly 
za michdni po castech pridavany krystaly kafrsulfonatu (517,5 g). Po asi polovine pfidandho 
mnozstvi byly ke smesi pfility 2 litry dichlormethanu . Za staleho michani byl pfidan zbytek 
kafrsulfonatu. Doba pfidavani byla cca 0,5 hodiny. Vysledna smes byla michana jeste 0,5 
hodiny, Vrstvy byly pak oddeleny v 10-litrove delici nalevce. Vodny podil byl extrahovan 2x 
1,5 litrem dichlormethanu. Spojene organicke podily byly extrahovany 1,5 litrem vody a 
suseny 600 g bezvod6ho siranu sodneho. Susidlo bylo pak odfiltrovano a filtrat byl odparen 
k suchu. Vysledny odparek pak byl na rotacni vakuove odparce susen do konstantni hmotnosti 
pri 50 °C a 20 torr. 

Vznikne bila krystalicka latka, ktera se bez cisteni pouzije do dalsiho stupne, [a]o = -55,7° ;• 
c=l,55, methanol). 



Obsah opacneho enantiomeru < 0,4% - stanoveno GC na chiralni kolone. 



8 



Priprava S-(-)-rivastigminu (I) 

V 0,51- trojhrdle bance se umisti 300 ml THF a za mich&ni a pod inertem (Ar nebo N 2 ) se 
knemu pomalu pfidava hydrid sodny jako 60% disperze v oleji (11,3 g). Vznikne suspenze, 
ke kter6 se za teploty mistnosti prida pevny S-(-)-aminofenol (46,5 g, 0,281 mol). Vznikne 
roztok fenol&tu, ke kter6mu se za mirn6ho chlazeni na 15 °C pfikape behem 10 minut 35,7 g 
(0,281 mol) karbamoylchloridu. Reakce je mirne exotermni. Rychlost pfikapav&ni se udrzuje 
tak, aby teplota vreakcni smesi nebyla vyssi nez 30 °C. Po pridani se odstavi chlazeni a 
reakcni smes se necha michat 2 hodiny za teploty mistnosti. Po teto dobe se odpafi THF na 
rotacni vakuov6 odparce. Odparek se rozmicha mezi 200 ml IN NaOH a 500 ml etheru. 
Organicka vrstva se oddili a vodny podil se vytfepe jeste 2x 200 ml etheru. Spojene etherove 
vrstvy se vytfepou lx 100 ml vody a lx 50 ml solanky. Organicky podil se susi nad 
bezvodym siranem sodnym. Rozpoustedlo se odpafi a surovy produkt se destiluje za vakua. 

b.v. = 135-140°C pri0,l torr 
Ziska se 45,6 g bezbarveho viskozniho oleje , tj. 80,5% vytezku 
obsah GC 99,6% 

Priprava S-(+)-rivastigmin hydrogentartratu 

45,6 g S-(-)-rivastigminu a 27,4 g kyseliny L-(+)-vinne se rozpusti za michani pri teplote 60- 
70 °C ve 125 ml bezvodeho ethanolu. Pri t6to teplote se.do roztoku prida postupne 630 ml 
ethylacetatu. Roztok se ponecha zchladnout na teplotu mistnosti a ponecha se krystalovat pri 
+5 °C nejmene 12 hodin. Odsaje se vylouceny bily krystalicky produkt, promyje se 100 ml 
ethylacetatu a susi se pri 40 °C ve vakuu. Ziska se 67,5 g pozadovaneho produktu o t.t.=125- 
126 °C (tj. 92,6 % teorie). ([a] D = +5,5 ° ; c=5, ethanol) v optickd Cistote vyssi nez 99,7 % ee. 

Priklad 3 Priprava S-(-)rivastigminu (I) z opticky aktivni latky H 

Priprava S-(-)rivastigminu (I) 

V 0,5-1 kulate trojhrdl6 bance se umisti 150 ml diethyletheru a za michani a pod inertem 
(Ar nebo N2) se k nemu pomalu pfidava hydrid sodny jako 60% disperze v oleji (0,48 g). 
Vznikne suspenze, ke ktere se za teploty mistnosti prida pevny S-(-)-aminofenol (2,0 g, 0,012 
mol). Po jedne hodine michani vznikne mirne zakaleny roztok fenolatu, ke kteremu se za 




teploty mistnosti prikape 1,53 g (0,012 mol) N-ethyl-N-methylkarbamoylchloridu v20 ml 
etheru. Vysledna reakcni smes se micha pfi teplotS mistnosti 3 hodiny. Pak se nafedi 100 ml 
vody. Organicka vrstva se oddeli a extrahuje 2x 50 ml 0,1 N roztoku NaOH. Organicka faze 
se extrahuje 50 ml vody, susi bezvodym siranem hofecnatym a zkoncentruje se ve vakuu. 
Ziska se 2,6 g oleje (86,6 % teorie). 

Pfiprava S-(-)Rivastigminu (I) 

»V 0,25-1 kulatd trojhrdl6 bailee se umisti 50 ml 1,2-dimethoxyethanu a za michani a pod 
inertem (Ar nebo N 2 ) se v nem rozpusti pfi teplotS mistnosti S-(-)-aminofenol (2,0 g, 0,012 
mol). Pak se kvysledndmu roztoku prikape 1,6M roztok n-buthyllithia vhexanu (7,5 ml). 
Vznikne mirne zakaleny roztok fenol&tu, ke kter&nu se za teploty mistnosti prikape 1,53 g 
(0,012 mol) N-ethyl-N-methylkarbamoylchloridu v20 ml 1,2-dimethoxyethanu. 
RozpoustSdlo se odpafi na rotacni vakuove odparce. Odparek se rozmicha mezi 20 ml IN 
NaOH a 50 ml etheru. Organicka vrstva se oddeli a vodny podil se vytfepe jeste 2x 20 ml 
etheru. Spojene etherove vrstvy se vytrepou Ix 20 ml vody a lx 20 ml solanky. Organicky 
podil se susi nad bezvodym siranem sodnym a zkoncentruje se za vakua. Ziska se 1,56 g oleje 
(51,5% teorie). 

Pfiprava S-(+)-rivastigmin hydrogentartratu 

2,° g S-(-)-rivastigminu a 1,2 g kyseliny L-(+)-vinne se rozpusti pfi 60 °C v 5 ml methanols 
Ciry roztok se ponecha zchladnout na teplotu mistnosti a postupne se srazi acetonem (cca 50 
ml). Vznikla smes se ponecha krystalovat pfi +5 °C pfes noc. Vyloucene krystaly se odsaji 
pfes fritu a promyji acetonem. Susi se ve vakuu pfi 40 °C a ziska se 2,4 g bilych krystalu (80 
% teorie) o t.t = 123-5 °C. 

Pfiprava S-(-)-l-(3-methoxyfenyl)ethyl(dimethyl)aminu (II) 

9 g S-(-)-dimethylaminofenolu (o opticke cistote 46 % ee) se rozpusti se v 50 ml DMF, pfida 
se za mictani 3,0 g NaOH (praskovy). K suspenzi se prikape behem 0,5 hod 4,1 ml 
methyljodidu v 10 ml DMF. Teplota uvnitf reakcni smesi se udrzuje do 50 °C. Vysledny 
roztok se zahfiva 4 hodiny na 50-60 °C. DMF se odpafi na rotacni vakuove odparce. Tuhy 
odparek se rozmicha mezi 50 ml ethylacetatu a 50 ml vody. Vodna vrstva se oddeli a 
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extrahuje se 2x 30 ml ethylacetatu. Spojene ethylacetatove podily se extrahuji 50 ml vody, 
susi bezvodym siranem horecnatym a zkoncentruji na rotacni vakuove odparce. Ziska se 6,2 
g pozadovaneho produktu ( 63,5 % teorie) jako bezbarv6ho oleje ([a] D = -17,7 ° ; c=2, 
methanol). 

Demethylace S-(-)- 1 -(3 -methoxyfenyl)ethyl(dimethyl)aminu 

5 g S-(-)-l-(3-methoxyfenyl)ethyl(dimethyl)aminu se rozpusti v 20 ml azeotropick6 kyseliny 
|«J«bromovodikove. Roztok se zahfiva k refluxu 10 hodin. Pfebytecni kyselina bromovodikovA 
se odpaff na rotacni vakuov6 odparce. Odparek se rozpusti v 50 ml vody. Vodny roztok se 
zneutralizuje 15% roztokem iihlicitanu sodneho a extrahuje se 3x 50 ml ethylacetatu. Spojene 
ethylacet&tov6 podily se extrahuji lx 50 ml vody, susi bezvodym siranem horecnatym a 
zkoncentruji se na rotacni vakuove odparce. Odparek se rozpusti v minimalnim mnozstvi 
dichlormethanu a k roztoku se prida petrolether (100 ml). Vykrystaluje pozadovany S-(-)- 
aminofenol jako nazloutla krystalicka latka (3,6 g, 78,1 % teorie), [a] D = -22,3 ° ; c=2, 
methanol. 
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PATENTOVE NAROKY 



1 . Zptisob vyroby (^-(S)-3-[l-(dimethylamino)ethyl]fenyl-N-ethyl-N-methylkarbaniatu J tj. 
rivastigminu vzorce I 



1 NMe 2 

00 

vyznadujici se tint, ze sloufcenina obecneho vzorce II 




RO' 

RlMe 2 

kde R znaci vodik nebo CI az C5 alkyl, 

se v jednom nebo nekolika stupnich, v nichz je zahrnuta reakce se slouceninoii obecneho 
vzorce III 

O 

I 

(in) 

kde X je odstupujici skupina, 
konvertuje na (S)-rivastigmin. 

2. Zpusob podle naroku 1 vyznaciijici se tim,ze R je vodik. 



3. Zpusob podle n&roku 2 vyznadujici se ttm, ze se sloucenina vzorce II pfevede na 
alkalickou sul, ktera pak reaguje se slouceninou vzorce III. 




4. Zpusob podle naroku 1 vyznadujici se tim y ze Rje alkyl s 1 az 5 atomy uhliku. 

5. Zpusob podle naroku 4 vyznacitjici se Urn, ze se sloucenina vzorce II nejprve O-dealkyluje 
a pote se pf evede na slouceninu vzorce I. 

6. Opticky aktivni sloucenina s absolute! konfiguraci (S) obecn6ho vzorce n 




II NMe 2 



kde R ma vyznam uvedeny v niroku 1 . 
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Anotace 



Nazev vynalezu: Zpusob wr obv M^SVS-ri-rdimethylamirLo^ethvnfenvl^ethvl^N^ 
methvlkarbamatu 

Sioucenina obecneho vzorce II, kde R znafif vodik nebo CI az C5 aikyl, se v jednom nebo 
nekolika stupnich, v nichz je zahrnuta reakce se slouceninou obecneho vzorce ITI, kde X je 
odstupujici skupina, konvertuje na (S)-rivastigmin vzorce I. 
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A method of production of (-HS>3-[l-(6!imethylamiiio)ethyl]phenyI-N-ethyl-N- 
methylcarb amate 

Technical Field 

The invention concerns a method of production of (-)-(S)-3-[l-(dimethylamino)ethyl]phenyl- 
N-ethyl-N-methylcarbamate, also called rivastigmine. 

Background Art 

(-)-(S)-3-[ 1 <dimethylarnino)ethyl]phenyl-N-ethyl-N-methylcarbamate (thereinafter 
rivastigmine) is described in CS patent application No. PV 1991-4110 as a substance that 
induces selective inhibition of acetylcholinesterase activity in the brain. This quality along 
with good tolerance by the human organism, an option to serve in the form of tablets (oral 
efficiency) and a long-term effect predestines rivastigmine for treatment of disorders 
associated with the cholinergic system disorder - especially of Alzheimer's disease. 

Racemic 3-[l-(dimethylamino)ethyl]phenyl-N-ethyl-N-methylcarbamate (thereinafter racemic 
rivastigmine), as a substance with a possible activity against Alzheimer's disease was 
described in EP patent 193 926. The method of its production was based on reaction of m- 
hydroxyphenylethyl-dimethylamine with carbamoylhalogenide. 

In the cited CS application PV 1991-4110, it is demonstrated using both „in vitro" and „in 
vivo" experiments that the optically active (S)-isomer is much more effective and selective 
inhibitor of acetylcholinesterase than a racemic mixture of the two isomers. 

In the cited application, there is described a method of preparation of rivastigmine form the 
racemic mixture consisting in preparation of diastereoisomeric salts with (+)-0,0-di-(p- 
toluyl)-D-tartaric acid and their separation by crystallization. The (S)-enantiomer of 
rivastigmine was released from the obtained salt with a sodium hydroxide solution. 

The basic technological disadvantage of this procedure is that optical resolution is performed 
only in the final stage of synthesis. This means that at least 50% of the prepared racemic 
rivastigmine (i.e. the (R)-enantiomer)) represents a useless waste; in fact, this waste is much 




bigger since optical resolution never separates enantiomers quantitatively. This makes the 
total yield of the synthesis low and the whole process is economically disadvantageous. 

It has now turned out that optically resolving the intermediate products (i.e. performing the 
operation in an earlier stage of production) and performing the final step with an optically 
active substance, permits to obtain a very good yield of (S)-rivastigmine with retaining high 
analytic purity. 

Disclosure of Invention 

The subject matter of the invention is a method of production of (-)-(S)-3-[l- 
(dime1hylamino)ethyl]phenyl--N-ethyl-N-methylcarbamate (rivastigmine) of formula I 




' NMe 2 

00 

starting from an optically active derivative of phenylethyl(dimethyl)amine of general 
formula II 




NMe 2 



(H) 

wherein R is hydrogen or a C1-C5 alkyl. 

The next stage can be converting rivastigmine into its pharmaceutically acceptable salt such 
as for example tartrate. 

It is advantageous to perform reaction with the (-)-(S)-aminophenol of formula IV 




NMe 2 
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(IV) 



which is converted into a phenolate with strong base in an inert solvent and which is 
subsequently reacted with a carbamoylhalogenide of formula DI 



wherein X is a leaving group. 

As the strong base, one can use hydrides of alkali metals such as sodium hydride or alkyl- 
lithium compounds, such as butyllithium. It is advantageous to use as the inert solvent some 
from the group of dialkylethers, such as for example tetrahydrofuran or 1,2-dimethoxyethane. 

The optically active (-)-(S)-aminophenol can be obtained from an optically active (S)- 
phenylethyl(dimethyl)-amine formula n, wherein R is a C1-C5 alkyl, via an O-dealkylation 
reaction. 

The O-dealkylation agent can be selected from among strong acids, such as for example 
hydrobromic acid, or from among boron halogenides, such as boron bromide. 

Another option is to prepare a racemic aminophenol of formula V 



O 




(HI) 




NMe 2 



(V) 



and carry on resolving subsequently. 



Resolving can be performed via separation of the stereoisomers which result from reaction 
with an optically active acid, such as for example (+)-(S)-camphor-10-sulfonic acid. 



Examples 

The subject matter of the invention is demonstrated in more detail in the following examples. 
Example 1 

Preparation of (S)-(-)-Rivastigmine: resolving racemic rivastigmine with (+)-0,0'- 
ditoluyltartaric acid 

49.6 g of racemic rivastigmine base are dissolved in 100 ml of methanol and a solution of 
75.8 g of (4>0,0'-ditoluyltartaric acid in 200 ml of methanol is added to the solution. 150 ml 
of water are added to the clear solution, which is being mixed. The solution becomes turbid 
and starts to crystallize under cold conditions. 81.3 g of the desired salt in the form of white 
crystals with m.p. = 145-147 °C are obtained. The mentioned amount of the first fraction of 
crystals is recrystallized from a mixture of 200 ml of methanol and 100 ml of water. The 
second fraction of crystals (49.6 g, m.p.= 155-156°C) is obtained which is again recrystallized 
from the mixture (methanol : water (2:1), 200 ml). 39.0 g of the third fraction is obtained with 
m.p.= 159-162 °C. It is recrystallized from 150 ml of the mentioned mixture of solvents and 
the fourth final fraction of crystals is isolated (33.0 g, m.p = 156-7 °C), which is 26.9% of the 
theoretical yield, [oc] D = +78.5° (c=l, ethanol). 

V 

Releasing the base 

The salt of S-(-)-rivastigmine with (+)-0,0'-ditoluoyltartaric acid (33.0 g) is slowly added to 
the well mixed mixture of 150 ml of dichloromethane and 150 ml of IN NaOH solution. 
After all the solids are dissolved, the layers are separated; the dichloromethane layer is 
extracted twice with 100 ml of water, dried with magnesium sulfate. The solvent is 
evaporated in vacuo and the evaporation residue is distilled under vacuum (b.p = 135-8 °C, 
0.3 torr). 10.72 g of a colorless oil are obtained, which is 85% of the theoretical yield ([oc]d = 
-24.5° ; c=3.5, methanol). There is 5.5% of the R-(+)-enantiomer in the sample (capillary 
electrophoresis). 




Preparation of S-(+)-rivastigmine hydrogentartarate 

9.0 g of rivastigmine base and 5.4 g of L-(+)-tartaric acid are dissolved under warm 
conditions and stirring in 25 ml of ethanol and the clear solution is precipitated with addition 
of ethylacetate (125 ml). The resulting mixture is left to cool down to +5 °C. The precipitated 
crystals are sucked away and washed with ethylacetate. The resulting product is 12.9 g of 
desired rivastigmine hydrogentartarate (i.e.. 89.6 % of the theoretical yield) with m.p.= 124- 
126 °C. 

Example 2 Preparation of S)-(-)-rivastigmine: resolving substance V 
Preparation of l-m-(methoxyphenylethyl)dimethylamine (Q, R= -Me) 

0.5 1 of titanic isopropoxide is slowly (5 minutes) added under inert conditions (N2, argon) to 
a solution of 75.5 g of dimethylamine in 1.5 1 of ethanol cooled to 10 °C in a water-ice bath, 
which is placed in a 6-liter three-neck flask fitted with a KPG stirrer, inlet and outlet of the 
inert and a thermometer, and, finally, 148.4 g of 3-methoxyacetophenone are added (5 
minutes). Addition of isopropoxide is slightly exothermic. The resulting temperature of the 
reaction mixture after addition reaches 35 °C. The reaction mixture is then mixed at room 
temperature for 9 to 10 hours. During the reaction period, the mixture becomes slightly 
turbid. After said period, 56.6 g of sodium borohydride are slowly and carefully added to the 
reaction mixture. The duration of this addition is about 2 hours. The reaction mixture thickens 
into slurry and foams and it needs to be mixed intensively. The temperature is kept within the 
range from 25 °C to 30 °C by mild cooling with ice. If the reaction mixture is overcooled 
below 20 °C a dense, difficult-to-mix foam forms after addition of the borohydride. After the 
borohydride is added, the resulting white slurry is mixed for 10 to 12 hours at room 
temperature. Then, the supply of the inert is stopped and 800 ml of and aqueous solution of 
ammonium hydroxide (2:1) are slowly (over 10 minutes) poured into the reaction mixture. 
The resulting mixture is mixed for 20 minutes. The fine white crystals of inorganic material* 
are sucked away and well washed with methanol (cca 1 1). The whole alcoholic fraction is 
evaporated from the filtrate in a rotary vacuum evaporator (bath 40 °C, 20 torr). The 
evaporation residue is diluted with 1,000 ml of water and extracted with 3x 330ml of 
ethylacetate. The combined ethylacetate extract are washed once with 100 ml of water and 
extracted with 3x 200 ml of hydrochloric acid (5:2). The acidic aqueous extracts are 



combined and alkalized with 20% NaOH (cca 1 1) to pH 12 up to 14 and extracted with 3x 
300 ml of ethylacetate. The organic fraction is washed with 100 ml of water and 150 ml of 
brine. It is dried with anhydrous sodium sulfate. The desiccant is filtered off and the filtrate is 
evaporated to dryness in a rotary vacuum evaporator (bath 40 °C, 20 ton). The crude product 
is distilled and about 60 % of the desired product in the form of a colorless oil are obtained. 
b.p.= 68 °C at 3 mm, 108 °C at 6 mm 

Preparation of racemic 3-(l-dimethylaminoethyl)phenol (V) 

94 g of l-m-(methoxyphenylethyl)dimethylamine are dissolved in 285 ml of azeotropic 
hydrobromic acid and the resulting solution is refluxed under stirring using a reflux condenser 
for 12 hours (bath temperature 145-150 °C). During boiling, the reaction mixture darkens. 
The solution is then left to cool down to room temperature. Excess hydrobromic acid is 
evaporated using a rotary vacuum evaporator (bath temperature 45 °C, pressure in the 
apparatus 15 torr) and the evaporation residue is dissolved in 200 ml of water. The solution is 
extracted with 3x 100 ml ethylacetate. The aqueous fraction is then gradually alkalized with 
the saturated solution of sodium carbonate with constant stirring (foam creation). The solution 
becomes milky turbid and it is extracted with 3x 200 ml ethylacetate. The ethylacetate 
fraction is shaken out lx with water, Ix with brine and dried with anhydrous magnesium 
sulfate. Activated carbon is added before filtering off the desiccant and the desiccant along 
with the carbon are filtered off. The solvent is evaporated using a rotary vacuum evaporator to 
a viscous oil, which solidifies when standing. 71.0 g of the desired product (81.9% of the 
theoretical yield) are obtained, which is 96.9% pure (GC). 

Preparation of S-(-)-3-(l-dimethylamino)phenol via resolving the racemic aminophenol with 
an equimolar amount of S-(4)-camphor-10-sulfonic acid 

A solution of the phenol in ethylacetate (83.5 g (0.505 mol) in 500 ml of ethylacetate) is 
introduced into a 1 -liter round flask with a magnetic stirrer and a solution of S-(+)-camphor- 
10-sulfonic acid (117.4 g (0.505 mol) in 250 ml of anhydrous ethanol), prepared in warm 
conditions, is added. The solution is inoculated and left to stand in a refrigerator (4-5 °C) 
overnight. Crystals of phenol camphorsulfonate start to precipitate. The precipitated crystals 
are sucked off through fritted glass and left to air dry overnight. 




1) 82.2 g of white crystals with m.p. = 165-171 °C are obtained, which are dissolved in 190 
ml of absolute ethanol under reflux. 380 ml of ethylacetate are added under warm 
conditions and crystallization is performed according to the above-mentioned procedure. 

2) 64.1 g of white crystals with m.p. = 174-176 °C are obtained, which are dissolved in 150 
ml of ethanol (absol.) under reflux and 300 ml of ethylacetate are added under warm 
conditions. 

3) 56.5 g of white crystals with m.p.= 177-179 °C are obtained, which are dissolved in 130 
ml of ethanol (absol.) under reflux and 260 ml of ethylacetate are added under warm 
conditions. 

4) 51.6 g of white crystals with m.p.= 179-181 °C are obtained; i.e. 25.7 % of the 
theoretical amount. 

Preparation of S-(-)-3-(l-dimethylamino)phenol via resolving the racemic aminophenol with 
0.6 molar amount of S-(+)-camphor-10-sulfonic acid 

100 g (0.605 mol) of the racemic aminophenol are dissolved in 600 ml of ethylacetate under 
stirring and reflux. A solution of S-(+)-camphor-10-sulfonic acid (84.3 g (0.363 mol) in 125 
ml of anhydrous ethanol) is added under stirring at 70 °C. The solution is inoculated, left to 
cool down to room temperature under stirring, cooled down with brine to -10 up to -15°C 
and it is left to crystallize for at least 12 hours under exclusion of air humidity. The 
precipitated first fraction of crystals is sucked off and air dried. 

1) 95,0 g of white crystals with m.p.=l 73-175 °C are obtained, which are dissolved in 
175 ml of ethanol under stirring and reflux and 350 ml of ethylacetate are added at a 
temperature of the solution between 60-70 °C. The camphorsulfonate will start to 
crystallize and is left to crystallize at a temperature -5 up to -10 °C for at least 12 
hours. The precipitated fraction is sucked off, washed with 2x 50 ml of ethylacetate 
and air dried. 

2) 79.5 g of the second fraction with m.p. 176-178 °C are obtained, which are again 
recrystallized in a mixture of ethanol : ethylacetate (150 ml:300 ml) following the 
above specified procedure. After being washed with 2x 50 ml of ethylacetate, the 
product is dried freely. 

3) 74.6 g of the third fraction with m.p.=177-179 °C are obtained; i.e. 31.0 % of the 
theoretical yield. 
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Releasing S-(-)-aminophenol (IV) 

4 1 of water were introduced in a 10-1 thick-wall beaker with a KPG stirrer. 250 g of sodium 
carbonate were added and dissolved under stirring. Crystals of the camphorsulfonate (517.5 g) 
were added in parts under stirring. When about half of the total amount was added 2 liters of 
dichloromethane were added. The remainder of the camphorsulfonate was added under 
constant stirring. The addition period was about 0.5 hour. The resulting mixture was stirred 
for another 0.5 hour. Then, the layers were separated in a 10-liter separating funnel. The 
aqueous fraction was extracted with 2x 1.5 liter of dichloromethane. The combined organic 
fractions were extracted with 1.5 liter of water and dried with 600 g of anhydrous sodium 
sulfate. The desiccant was then filtered off and the filtrate was evaporated until dry. The 
resulting evaporation residue was then dried in a rotary vacuum evaporator until constant 
weight at 50 °C and 20 torr. 

A white crystalline substance forms, which is used without purification in the next stage, [<x] D 
= -55.7° ; c=1.55, methanol). 

The contents of the opposite enantiomer < 0.4% - determined using GC in a chiral column. 
Preparation of S-(-)-rivastigmine (J) 

300 ml of THF are placed in a 0.51-three-neck flask and sodium hydride as a 60% dispersion 
in oil (11.3 g) is added slowly under inert conditions (Ar or N2) and stirring. A suspension 
develops, to which solid S-(-)-aminophenol (46.5 g, 0.281 mol) is added at room temperature. 
A solution of the phenolate forms, to which 35.7 g (0.281 mol) of carbamoylchloride are 
added dropwise over 10 minutes while slightly cooling down to 15 °C. The reaction is slightly 
exothermic. The rate of dropping is kept such that the temperature of the reaction mixture 
does not exceed 30 °C. After all the agent is added, the cooling system is put aside and the 
reaction mixture is mixed for 2 hours at room temperature. Thereafter, THF is evaporated in a 
rotary vacuum evaporator. The evaporation residue is partitioned between 200 ml IN NaOH 
and 500 ml of ether. The organic layer is separated and the aqueous fraction is shaken with 
additional 2x 200 ml of ether. The combined ether layers are shaken out with lx 100 ml water 
and lx 50 ml brine. The organic fraction is dried over anhydrous sodium sulfate. The solvent 
is evaporated and the crude product is vacuum distilled. 



b.p. = 135-140 °C at 0.1 torr 
45.6 g of a colorless viscous oil are obtained, i.e. 80.5% of the theoretical yield, 
content GC 99.6% 

Preparation of S-(+)-rivastigmine hydrogentartarate 

45.6 g of S-(-)-rivastigmine and 27.4 g of L-(+)-tartaric acid are dissolved in 125 of 
anhydrous ethanol at 60-70 °C under stirring. At this temperature, 630 ml of ethylacetate are 
gradually added to the solution. The solution is left to cool down to room temperature and to 
crystallize at +5 °C for at least 12 hours. The precipitated white crystalline product is sucked 
off, washed with 100 ml of ethylacetate, and vacuum dried at 40 °C. 67.5 g of the desired 
product with m.p.=125-126 °C (i.e. 92.6 % of the theoretical yield). ([a] D = +5.5 ° ; c=5, 
ethanol) in optical purity higher than 99.7 % ee. 

Example 3 Preparation of S-(-)rivastigmine (I) from optically active substance II 
Preparation of S-(-)rivastigmine (I) 

150 ml of diethylether are placed in a 0.51-three-neck flask and sodium hydride as a 60% 
dispersion in oil (0.48 g) is added slowly under inert conditions (Ar or N2) and stirring. A 
suspension develops, to which solid S-(-)-aminophenol (2.0 g, 0.012 mol) is added at room 
temperature. After stirring for one hour, a slightly turbid solution of the phenolate forms, to 
which 1.53 g (0.012 mol) of N-ethyl-N-methylcarbamoylchloride in 20 ml of ether are added 
dropwise at room temperature. The resulting reaction mixture is stirred at room temperature 
for 3 hours. Thereafter, it is diluted with 100 ml of water. The organic layer is separated and 
extracted with 2x 50 ml of a 0.1 N NaOH solution. The organic phase is extracted with 50 ml 
of water, dried with anhydrous magnesium sulfate, and concentrated in vacuo. 2.6 g of an oil 
are obtained (86.6% of the theoretical yield). 

Preparation of S-(-)Rivastigmine (I) 

50 ml 1,2-dimethoxyethane are placed in a 0.251 round three-neck flask and S-(-)- 
aminophenol (2.0 g, 0.012 mol) is dissolved therein under stirring and under an inert (Ar or 



10 



N 2 ) at room temperature. Then, a 1.6M solution of n-buthyllithium in hexane (7.5 ml) is 
added dropwise. A slightly turbid solution of the phenolate develops, to which 1,53 g (0.012 
mol) of N-ethyl-N-methylcarbamoylchloride in 20 ml of 1,2-dimethoxyethane are added 
dropwise at room temperature. The solvent is evaporated in a rotary vacuum evaporator. The 
evaporation residue is partitioned between 20 ml IN NaOH and 50 ml of ether. The organic 
layer is separated and the aqueous fraction is shaken with additional 2x 20 ml of ether. The 
combined ether layers are shaken with lx 20 ml water and Ix 20 ml brine. The organic 
fraction is dried over anhydrous sodium sulfate and concentrated in vacuo. 1.56 g of an oil are 
obtained (51.5% of the theoretical yield). 

Preparation of S-(+)-rivastigmine hydrogentartarate 

2.0 g S-(-)-rivastigmine and 1.2 g of L-(+)-tartaric acid are dissolved in 5 ml of methanol at 
60 °C. The clear solution is left to cool down to room temperature and it is gradually 
precipitated with acetone (about 50 ml). The resulting mixture is left to crystallize at +5 °C 
overnight. The deposited crystals are sucked off using fritted glass and washed with acetone. 
They are dried in vacuo at 40 °C and 2.4 g of white crystals (80% of the theoretical yield) 
with m.p.= 123-5 °C are obtained. 

* 

Preparation of S-(-)-l-(3-methoxyphenyl)ethyl(dimethyl)amine (II) 

9 g of S-(-)-dimethylaminophenol (optical purity 46 % ee) are dissolved in 50 ml of DMF; 3.0 
g of NaOH (powder) are added under stirring. 4.1 ml of methyliodide in 10 ml of DMF are 
added to the suspension dropwise over 0.5 hour. Temperature of the reaction mixture is kept 
up to 50 °C. The resulting solution is heated for 4 hours at 50-60 °C. DMF is evaporated in a 
rotary vacuum evaporator. The solid evaporation residue is partitioned between 50 ml of 
ethylacetate and 50 ml of water. The water layer is separated and extracted with 2x 30 ml of 
ethylacetate. The combined ethylacetate fractions are extracted with 50 ml of water, dried 
with anhydrous magnesium sulfate, and concentrated in a rotary vacuum evaporator. 6.2 g of 
the desired product (63.5% of the theoretical yield) as a colorless oil are obtained ([<x] D = - 
17.7 ° ; c=2, methanol). 



Demethylation of S-(-)-l-(3-methoxyphenyl)ethyl(dimethyl)amine 

5 g of S-(-)-l-(3-methoxyphenyl)e1hyl(dimethyl)amine are dissolved in 20 ml of azeotropic 
hydrobromic acid. The solution is heated under reflux for 10 hours. Excess hydrobromic acid 
is evaporated in a rotary vacuum evaporator. The evaporation residue is dissolved in 50 ml of 
water. The aqueous solution is neutralized with a 15% solution of sodium carbonate and 
extracted with 3x 50 ml ethylacetate. The combined ethylacetate fractions are extracted with 
Ix 50 ml of water, dried with anhydrous magnesium sulfate, and concentrated in a rotary 
vacuum evaporator. The evaporation residue is dissolved in a minimal amount of 
dichloromethane and petroleum ether (100 ml) is added to the solution. The desired S-(-)- 
aminophenol crystallizes as a yellowish crystalline substance (3.6 g, 78.1% of the theoretical 
yield), [a] D = -22.3 ° ; c=2, methanol. 
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CLAIMS 



1 . A method of production of (0-(S)-3-[l-(dimethylamino)ethyl]phenyl-N-ethyl-N- 
methylcarbamate, i.e. rivastigmine of formula I 



NMe 2 

(II) 

wherein R stands for hydrogen or a CI to C5 alkyl, 
is, in one or several steps, which include a reaction with a compound of general formula III, 

O 




(I) 



characterized in that a compound of general formula II, 





(HI) 



wherein X is a leaving group, 
converted into (S)-rivastigmine. 



2. The method according to claim 1 characterized in that R is hydrogen. 



3. 



The method according to claim 2 characterized in that the compound of formula II is 
converted into an alkaline salt, which subsequently reacts with the substance of formula 
III. 
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The method according to claim 1 characterized in that R is an alkyl having 1 to 5 carbon 
atoms. 

The method according to claim 4 characterized in that the compound of formula II is first 
O-dealkylated and subsequently converted to the substance of formula I. 

The optically active substance with absolute configuration (S) of general formula n, 




NMe 2 



wherein R is as defined in claim 1 . 




Abstract 

Title of Invention: A method of production of f-Vf SV3-f l -(^rnethvlamino^ethvllphenvl-N- 
ethvl-N-methvlcarbamate 

A substance of general formula n, wherein R stands for hydrogen or a CI to C5 alkyl, is 
converted into (S)-rivastigmine of formula I in one or several steps, which include reaction 
with a compound of general formula m, wherein X is a leaving group. 



Formulae for Abstract (I, n, m) 



15 




Ref No. 3643/03 



I undersigned, certify by these presents, with reference to my status as the 
permanent sworn interpreter of the English language, appointed by the decree of the 
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